We present an empirical analysis of the European electronic interbank market of overnight lending (e-MID) during the years 1999-2009. The main goal of the paper is to explain the observed changes of the cross-sectional dispersion of lending/borrowing conditions before, during and after the 2007-2008 subprime crisis. Unlike previous contributions, that focused on banks' dependent and macro information as explanatory variables, we address the role of banks' behaviour and market microstructure as determinants of the credit spreads. (Vasilis Hatzopoulos), g.iori@city.ac.uk (Giulia Iori), politima@yahoo.com (Mauro Politi) 1 Unlike the Euribor and Libor that are offered rate, the Eonia (Euro OverNight Index Average) is computed as a weighted average of all overnight unsecured lending transactions executed by panel banks in the interbank market. The banks contributing to Eonia are the same as the Panel Banks quoting for Euribor.
Introduction
Interbank markets play a key role in banks liquidity management and the transmission of monetary policy. It is in such markets that central banks actively intervene to guide their policy interest rates. Well functioning interbank markets effectively channel liquidity from institutions with a surplus of funds to those in need, allowing for more efficient financial intermediation. Variations in interbank rates are rapidly transmitted to the entire term structure, affecting borrowing conditions for households and firms. Interbank rates provide benchmarks (e.g. the LIBOR, Euribor and Eonia) 1 for the pricing of fixed-income securities and underlie derivatives contracts such as short term interest rate futures and interest rate swaps, used by banks to hedge their short-term interest rate risks. Thus, policymakers have an interest in having a financial system with a well-functioning and robust interbank market, that is, one in which the central bank can achieve its desired rate of interest and one that allows institutions to efficiently trade liquidity.
In normal times, interbank markets are among the most liquid in the financial sector and the financial literature has historically devoted a relatively low consideration to the interbank market due to the short-term nature of the exchanged deposits. Banks have accepted non-collateralized loans as counterparties were considered safe and sound enough and liquidity risk has been perceived as marginal due to the central bank role as lender of last resort. However, during the 2007-2008 financial crisis liquidity in the interbank market has considerably dried up, even at short maturities, and an increasing dispersion in the credit conditions of different banks has emerged. These events have triggered a new interest in interbank markets. The dramatic change of volumes and active banks following the subbprime crisis can be hardly explained as a real reduction of liquidity need by banks. A number of papers in the literature have addressed the causes of this "market freeze" and in particular compared the two hypotheses of liquidity hoarding versus credit monitoring (Heider et al., 2009; Acharya and Merrouche, 2010; Gale and Yorulmazer, 2011) . On the demand side, a possible explanation for the crunch suggested by Cassola et al. (2010) was adverse selection, with banks preferring not to reveal their needs for liquidity, which could lead to credit rationing, and switching from a highly transparent electronic market to more opaque over-the-counter trades.
On the empirical side, a number of investigations of the interbank market microstructure before the crisis has been carried out. The US Federal Funds market was studied by Hamilton (1996) and Furfine (2000 Furfine ( , 2001 Furfine ( , 2002 . Beaupain and Durré (2008) presented a comprehensive analysis of the dynamics of the Euro overnight money market using data until April 2007. They uncovered regular seasonal patterns of market activity and liquidity, as well as patterns determined by the Eurosystems operational framework. Iori et al. (2008) studied the evolution of the network topology of the e-MID within maintenance periods in the years 1999-2002, by applying methods of statistical mechanics. They showed that a large number of small/medium size banks tend to be liquidity providers, and lend to a small number of large banks; strategic behaviour, in terms of preferential and speculative lending, tends to be rather limited in e-MID. Baglioni and Monticini (2008b,a) showed the presence of an intraday term structure of interest rates, as the overnight rate displays a clear downward pattern throughout the trading session, with banks borrowing at a premium early in the morning and at a discount at the end of the day.
An increasing number of studies has analysed how the financial crisis has affected the credit conditions of banks in the interbank market. Angelini et al. (2009) analysed the spreads between uncollateralized e-MID rates and collateralized Eurepo rates on maturities from one week to 12 months. They observe that the mean spread increases and the distribution becomes more disperse during the crisis. The question they address is what share of the soaring spread is due to an increased bank-specific default risk and what to a generalized surge in risk aversion measured from the equity market. They find that before the crisis bank size is the only important borrower caracteristic to determine spreads, and large banks get better rates. During the crisis the effect of borrower creditworthiness, measured by rating and capitalization, becomes significant and sizeable, with larger banks still experiencing better borrowing conditions both before and after the Lehman collapse. Nonetheless the main determinant of the increasing spreads (two thirds of the effect) appears to be the overall increase in risk aversion. A similar effect of size on spread is found by Gabrieli (2011) , who focuses on the overnight determinant of credit spreads, defined as the difference between the volume-weighted average daily interbank rate and the ECB policy rate. Her results corroborate the existence of a too-big-to-fail guarantee implicitly granted by the market to the banks with the highest volumes of business. In fact, the price benefit enjoyed by relatively bigger banks becomes much stronger after 29 September 2008, i.e. when European governments were forced to make explicit the promise that no other systemically important financial institution would be allowed to fail.
Our analysis shows that during the crisis, while some banks did better or worse than others, they all experienced a larger variability of their rates over time. Such variability is not easy to explain in terms of bank-specific characteristics or idiosyncratic risks. Therefore we focus on the impact on spreads of banks behaviour, given the microstructural features we describe in the first part of the paper. The aim of this paper is to assess the impact of changing microstructure characteristics of the interbank market on banks borrowing and lending conditions. The contribution of our analysis is to demonstrate how, specially after the beginning of the 2007 crisis, banks behaviour within the interbank market did affect interest rate spreads more than their size.
The paper is organised as follows. Section 2 describes the mechanism of the electronic interbank market and Section 3 describes the database. Section 4 describe the general behaviour of the market before, during and after the subprime crisis. Section 5 analyses cross-sectional credit spreads. In Section 6 we analyse changes in some microstructure variables and in Section 7 we test the hypothesis that interest rates spreads may be driven by bank trading behaviour. Section 8 concludes.
Market mechanism
Interbank markets can be organized in different ways: physically on trading floors, by telephone calls, or on electronic platforms. In Europe, interbank trades are executed in all these ways. The only electronic market for interbank deposits in the Euro area and the USA is the e-MID (Mercato Interbancario dei Depositi). It was founded in Italy in 1990 for Italian Lira transactions and denominated in Euros in 1999. Four currencies are currently being traded: Euro, US Dollar, GBP and Polish Zloty. Credit institutions (i.e. banks and electronic currency institutions) and investment companies can participate in the market if their net capital is respectively at least 10 million US Dollars (or its equivalent in another currency) and 300 million Euros (or its equivalent in another currency). When the financial crisis started, there were 246 market members from 29 EU countries and the US, of which 30 central banks and 2 Ministries of Finance acting as market observers, and 108 domestic banks and 106 international banks acting as market players. The nationalities of banks active in the e-MID are 16: Austria, Belgium, Switzerland, Germany, Denmark, Spain, France, United Kingdom, Greece, Ireland, Italy, Luxembourg, Netherlands, Norway, Poland, and Portugal.
The number of transactions and the trading volume increased systematically until the beginning of the financial crisis, with an average of 450 transactions each day and an exposure for each transaction of about 5.5 million Euros. According to Baglioni and Monticini (2008b) , this evolution is due to the trend toward real-time settlement for payments, securities, and foreign exchange transactions that took place in recent years. This trend has increased the value of intraday liquidity. As shown by Iazzetta and Manna (2009) , interbank deposits as a percentage of total assets of the banking system doubled from 8% in 1993 to approximately 16% in 2007. According to the European Central Bank (2011a), the e-MID accounted, before the crisis, for 17% of the total turnover in the unsecured money market in the Euro area. Its last report on money markets (European Central Bank, 2011a) recorded around 10% of the total overnight turnovers.
Contracts of different maturities, from one day to one year, can be traded, but the overnight segment represents more than 90% of the transactions in the e-MID. Our analysis has focused on the overnight segment (the analysis of longer maturities is in progress). Trading in e-MID starts at 8 a.m. and ends at 6 p.m. The large majority of volumes are traded in the Euro section of the market, and, more specifically, on the overnight contracts, defined as the trade for a transfer of funds effected on the day of the trade and returned at 9 a.m. of the subsequent business day.
The main difference with respect to the security market is that market participants can choose their counterparties. An operator willing to trade can pick a quote and manifest his wish to close the trade. Trades are public in terms of maturity, rate, volume, and time. While the identity of the quoting bank is normally public too (the quoter may choose to post a trade anonymously, but this option is rarely used), the identity of the aggressor can only be disclosed by a quoter during the negotiation phase. A quoter willing to lend capital has the option to reject an aggression, and similarly an aggressor has the additional option of not closing a trade after knowing the counterparty, if this was not public. An aggressor can also subordinate his wish of closing a trade to some specific requests, such as a larger or smaller volume or a different rate.
The e-MID thus provides a transparent platform where all parties can monitor in real time the evolution of traded rates, while benchmarks like the LIBOR and EURIBOR, as seen by the recent Libor fixing scandal, can be easily manipulated.
Data set
The data base is composed by the records of all transactions registered in the period 01/1999-12/2009. Each line contains a code labeling the quoting bank, i.e. the bank that proposes a transaction, and the aggressor bank, i.e. the bank that accepts a proposed transaction. The rate that the lending bank will receive is expressed per year; the volume of the transaction, i.e. the amount of lent money, is expressed in millions of Euros. A label indicates the side of the aggressing bank, i.e. whether the latter is lending/selling ("Sell") or borrowing/buying ("Buy") capitals to or from the quoting bank. Other labels indicate the dates and the exact time of the transaction. Moreover, the records contain the contract the two banks are trading. The main difference between contracts is the length of the lending period. We consider only the overnight ("ON") and the overnight long ("ONL") contracts. The latter is the version of the ON when more than one night/day is present between two consecutive business days, e.g. on weekends. The banks are reported together with a code representing their country and, for Italian banks, a label that indicates their size measured as total assets. Following the acronyms of the data provider: MA (major), GR (large), ME (medium), PI (small), MI (minor). FB indicates a foreign bank. Italian legal entities be-longing to foreign banking groups appear in the database as domestic. Appendix I provides the list of banks belonging to the different dimensionality groups as provided by the Bank of Italy. A couple of example records are reported in Table 1 .
The database does not provide information on the state of the book, its dynamics and how the banks use this information when acting on the market. A similar dataset was the object of various past studies (Masi et al., 2006; Gaspar et al., 2007; Iori and Precup, 2007; Iori et al., 2008; Baglioni and Monticini, 2008b,a) . In addition, Brousseau and Manzanares (2005) did a study using the whole book information.
Market Duration
Date Time Rate Amount StartDate "EUR" "ONL" "2007-01-02" "8:52:41" 3.60 160.00000 "2007-01-02" "EUR" "ON" "2007-01-02" "8:52:54" 3.60 50.00000 "2007-01-02" EndDate Quoter GroupQuoter Aggressor GroupAggressor Verb "2007-01-03" "IT0276" "ME" "IT0271" "GR" "Sell" "2007-01-03" "IT0162" "PI" "GR0006" "ND" "Sell" Table 1 : Two example records from the data set. Quoter and aggressor are the banks participating to the trade. The "Group" classifies Italian banks with respect to their size. The label "Buy" indicates that the quoting bank is on the buy side, the label "Sell" that it is on the sell side.
General characteristics of the e-MID market
Some results in this and the following sections are provided for the full stretch 1999-2009, while some are specific to the crisis, for which we identify three equal periods of 440 days each defined as follows (European Central Bank, 2011b): As a first step we compute the volume-weighted mean rate in each analysed trading day,
where V i,j,d and r i,j,d are the volume and rate of transaction i of bank j in day d, N j,d is the number of transactions of bank j in day d, and
is the total trading volume of all N d banks active in day d. The results are reported in Fig. 1 (left) together with the ECB key rates for the considered period. ECB rates are defined as follows (European Central Bank, 2011b):
• Marginal lending facility rate (EuroMLR): the rate fixed by the ECB for operations where counterparties can use the marginal lending facility to obtain overnight liquidity from the National Central Banks (NCBs) against eligible assets. The interest rate on the marginal lending facility normally provides a ceiling for the overnight market interest rate.
• Main refinancing facility operations (EuroRPS) are regular liquidity-providing reverse transactions with a frequency and maturity of one week. They are executed by the NCBs on the basis of standard tenders and according to a pre-specified calendar. The main refinancing operations play a pivotal role in fulfilling the aims of the Eurosystem's open market operations and normally provide the bulk of refinancing to the financial sector.
• Deposit facility rate (EuroDEP): counterparties can use the deposit facility to make overnight deposits with the NCBs. The interest rate on the deposit facility normally provides a floor for the overnight market interest rate. The extreme uncertainty of interest rate levels is highlighted by the daily volatility shown in Fig. 1 , right panel. Volatility (averaged within a maintenance period 2 ) has reached two peaks (respectively 3 and 6 times the previous volatility average) soon after the beginning of the crisis and after the Lehman Brothers bankruptcy. One of the most significant impact on the functioning of the interbank market can be appreciated looking at the number of active banks. Tables 9 and 10 and Fig. 2 show three long-term trends. First, from 1999 to 2004, the number of active banks decreases for two reasons: the market was basically domestic, and that period was characterised by a lower number of medium and large banks, due to mergers and acquisitions; From 2004 to mid 2007, the markets become more internationally oriented, and the number of foreign banks equals the number of domestic ones. This period is characterized by a constant number of daily active banks, around a monthly average of 130 agents. After the beginning of the crisis, the number of active banks dropped below 80. On the quoter side (left side of Fig. 2 ) we observe that the number of lending banks declined steadily between 1999 and 209, while the number of borrowing banks surged between 2005 and 2007 but declined faster after the sumer of 2007. Figure 2 (right) shows that the majority of banks act as aggressor when lending. This asymmetry is confirmed at the intraday scale. The intraday proportion of borrowing quotes is plotted in Fig. 3 for the three periods p1, p2, p3. More than 70% of the quotes are to borrow (in terms of number (left) and volume (right) of transactions), a proportion that increases both with the progression of the crisis and the time of the day.
To better investigate how the crisis affected banks of different size and nationality we plot, in Fig. 4 , the average daily lending and borrowing volume per group (as defined in Section 3) and in Fig. 5 the net trading volume per group. Figure 4 shows that the five Italian groups, while composed of very different numbers of banks (see Tables 3 and 4) , have a similar market share. Participation of foreign banks has fast increased since the opening of the market and just before the crisis the foreign banks shared, almost equally, the market with the Italian banks. Since 1999 the positions of some of the groups changed from being net borrowers to net lenders and vice versa (Fig. 5 ). In particular during the crisis the minor (MI) banks acted as the main net lenders to the system, while the large (GR) and medium (ME) banks were the main net borrowers. Small (PI) banks had a more balanced position, but predominantly acted as net lender before and during the crisis. Major (MA) banks acted as net borrowers during the first part of the crisis, but their net position became erratic after the Lehman default. Foreign banks (FB) acted as net borrowers until 2005, but took a more balanced position during the crisis, acting predominantly as net lenders.
Cross-sectional spreads
To assess whether some banks are able to borrow or lend money at a better rate than others, we define the average daily credit spread c j,d for each bank j in day d, as can be defined. The credit spread so defined provides a measure of the ability of a bank to borrow or lend at competitive rates relatively to the mean rate observed in that day in the same market. Thus the spread does not depend on specific features of the interbank market with respect to other markets, such as when the spread in the uncollateralized market is defined by using a collateralized market as reference. Fig. 6 shows the quantile plots of the cross-sectional daily borrowing and lending spreads. The figure clearly indicates that while, before the crisis, banks were experiencing similar credit conditions with respect to each other, during the crisis much more variation was observed among borrower and lender spreads, with a peak in correspondence of the Lehman default. In fact the cross-sectional mean spread value is negative indicating that several banks where experiencing better than average borrowing conditions (and worse than average lending conditions), but for a few banks in the tails trading happened of very different terms. As mentioned before, there has been a considerable effort in the literature to explain this variation, and size has been identified as the main bank-specific factor to drive banks' spreads (Angelini et al., 2009; Gabrieli, 2011) . Nonetheless during the financial turmoil all banks, and in particular the larger ones, have experienced a high variability in their borrowing and lending rates. Indeed the first contribution of our analysis is to show that not only the volatility of the average e-MID rate increased during the crisis, as already seen in Fig. 1 , but that the borrowing and lending spreads of individual banks experienced a large variability too. To quantify this effect we show in Fig. 7 the quantile plot of the variance of the cross-sectional spreads of individual banks, separately for borrowing and lending transactions. The volumeweighted variance of each bank is calculated as
where Moreover, banks' good and bad performances were not consistent over time. As a measure of consistency of bank performance we measure the autocorrelation of lending and borrowing credit spreads in trading time units (banks differ substantially in term of size and frequency of trades, with some banks settling only a few trades in a year and others trading several times a day; see column 3 in Tables 5-10 for the average intertrade time per group). We estimate the cut-off lag as the first time lag at which the autocorrelation becomes statistically not significant (at significance level 5%). The meaning of this measure is to identify the continuity of banks' behaviour either as a borrower or as a lender. We then compare the cut-off point to the bank trading frequency, that is the average number of days a bank is active (as a borrower or as a lender) in a maintenance period.
In Fig. 8 we plot, for each bank, the ratio of the bank cut-off point to its trading frequency versus its average credit spread. The horizontal line at 0 and the vertical line at 1 separate the phase space into four regions. The left quadrants Q1 and Q4 contain banks whose performance autocorrelation is shorter than a maintenance period, while the right quadrants Q2 and Q3 identify banks with a performance autocorrelation longer than a maintenance period. The figure shows that, as the crisis progressed from p1 to p3, banks' performances became more diversified and banks were locked for longer in their patterns of over-or under-performance. Nonetheless, only very few borrowers and lenders experienced autocorrelations beyond a single maintenance period. If spreads were determined by bankspecific characteristics, such as credit rating or size, or by a consistent strategic behaviour, we would expect to find a long-term autocorrelation in their performance, that is not observable here. Thus our analysis questions whether banks' spreads may have been affected not only by idiosyncratic factors, in particular credit ones, but also by factors such as the market conditions at the time banks execute their trades. 
Market microstructure features
The second contribution of our analysis is to assess to what extent the variability in the cross-sectional spreads can be explained in terms of banks behaviour, particularly depending on the changing market microstructure conditions in the e-MID. As shown in the following subsections, two features of the market changed considerably after the beginning of the crisis: the market bid-ask spread and the slope of the intraday rate term structure.
Market bid-ask spread
The first effect we observe is a time-varying bid-ask spread. While we cannot measure the real bid-ask spread in the market because our data do not contain posted quotes, we construct a proxy in the following way. In each day we calculate the volume-weighted average rates at which buy-initiated transactions and sell-initiated transactions are settled. We take the difference between these two rates as a proxy of the bid-ask spread. The daily mean values r b d and r s d are defined similarly to Eq. (1) as
where the superscripts b and s distinguish among the buy and sell transactions. The bid-ask spread (or sell-buy spread ) can now be easily computed as s d = r b d − r s d . Fig. 9 shows the evolution of its monthly average (left) and of its monthly variance (right).
The first non-trivial conclusion we can extrapolate from the plot is the presence of such a spread; in fact the market is not a typical limit-order book market. Moreover, the spread has dramatically increased during the crisis and two very well-defined peaks are clearly present in concomitance with the beginning of the crisis and the Lehman collapse. During the crisis, bid-ask spreads experience values higher than 200 basis points, when the usual pre-crisis level was around 3 basis points. Paradoxically, the liquidity stress seems to be absorbed just before the Lehman collapse, when the bid-ask spread drops below 5 basis points, the resistance level empirically observed before the sub-prime shock. In fact in both the landmark events, the spread trend appears to be absorbed in a few weeks, with a strong correlation with the rate volatility pattern. This is certainly due to the massive liquidity intervention of the European Central Bank, that from June 2007 to June 2010 increased its assets by about 600 billions Euros (+65%), using standing facilities, marginal lending facilities and open market operations, and easing the procedures and the eligible assets required to borrow money. The bid-ask spread effect raises the question whether banks can trade at a more profitable rate if they submit their orders as quoters rather than as aggressors.
Term structure of intraday spreads
As initially reported by Baglioni and Monticini (2008b) , the intraday term structure effect makes trading in the morning more expensive than in the afternoon. This is due to the implicit intraday maturity of overnight deposits, which are not expected to be reimbursed after 24 hours, but at 9 am of the day following the trade (foreign banks were allowed to settle the operations at 12 am, but only one does so). Therefore, overnight deposits traded earlier in the morning have a longer maturity and higher expected yields. In a more recent paper, Baglioni and Monticini (2008a) study the evolution of the intraday term structure during the crisis. The authors report a considerable increase of the slope of the yield curve after the default of Lehman that seems to create a risk-free profit opportunity (lend in the morning and borrow in the afternoon). The authors suggest that this opportunity is not arbitraged away after the crisis for two main reasons, uncertainty about availability of liquidity late in the afternoon and an increase in the implicit cost of collaterals. We calculate the intraday interest rate spread s d (t) as the difference between the instantaneous rates within a window of one hour centered around time t of day d (i.e., considering the trades performed in the 30 minutes before and after t) and the average rate of that day. 3 Fitting s d (t) for each day d with the simple linear relation s d (t) = a d t + b d , where t is in minutes, we estimate the slope of the intraday term structure and its evolution as a function of the day d. Fig. 10 shows the average intraday interest rate spread in p1, p2 and p3, while Fig. 11 shows the evolution of the slope of the monthly average of a d over time.
The observation of such a slope in the term structure of overnight rates suggests the possibility of an opportunistic behaviour for banks with liquidity surplus: lend in the morning, borrow in the afternoon. Nonetheless such a strategy would entail some risk. In fact a negative slope of the rates was not observed every single day and while the average spread is lower in the afternoon, it is also more volatile as shown by the higher variance bars in Fig. 10 . It is also interesting to observe the evolution in the time of the day t max and t min at which the maximum and minimum rates are observed ( Fig. 6.2) . Before the Lehman collapse the minimum rate was mostly recorded around 4-5 pm, but after the Lehman collapse its distribution becomes almost uniform. On the other side, the distribution of the time at which the maximum rate is observed becomes more and more concentrated in the first hour of the day as the crisis progresses. This shows that any strategy needs not only a liquidity excess or the availability for eligible securities, but also the risk appetite to take a speculative position over an interest rate forecast and the assumption to borrow money in the afternoon.
Our findings suggest that while the slope of the intraday yield curve did not guarantee arbitrage opportunities it did nonetheless create opportunities for risk oriented banks to profit from the pattern of intraday rates. This raises the interesting question "Are interbank spreads affected by the agents decisions to trade either in the morning or in the afternoon?".
Banks' behaviour and interest rate spreads: individual banks' time series regressions
The empirical analysis presented in this section is restricted to the impact of the market microstructure on interbank spreads. While previous researches have focused on credit risk and monetary policy factors to explain the dynamics of interest rate spreads paid by borrowers, relatively little attention has been paid to banks intra-day and intra-month behaviour, their decision to play either as quoter or as aggressor and the concentration of their trades out of the total volume traded in the market. To assess the impact of banks' behaviour on banks' spreads we regress the average daily credit spread (separately for borrowing and lending spreads) of each bank versus four variables. The identification of the four explanatory variables is justified on both theoretical and empirical grounds:
1. VOLUME (x 1 ), defined as (daily volume traded in the morning -daily volume traded in afternoon) / total daily volume, is a measure of banks' decision either to borrow or to lend money when, on average, the rate is respectively higher or lower. The variable helps to check the price-volume hypothesis supported by many empirical studies in securities markets (????), but underestimated in money markets.
2. QUOTER/AGGRESSOR (x 2 ), defined as (daily volume traded as quoter -daily volume traded as aggressor) / total daily volume, is a measure of banks' decision either to borrow or to lend money as an aggressor or a quoter. This action is related to the information content of order flows. Before the crisis, the purchase of liquidity from an aggressor could have been a signal, with noise, that the aggressor believed the rate was undervalued (?). After the crisis, the information content may have changed and simply reveal how bank treasuries have to balance inflows and outflows.
3. CONCENTRATION (x 3 ), defined as daily volume traded by a bank (as lender or borrower) / total daily volume traded in the market, aims at testing the impact of order size on spread. We can also test in this way if some results that apply to equity market may also be valid for credit markets. The empirical evidence are mixed: in particular ? suggest that companies with high trading volume concentration perform better in equity market, while ? find that volume concentration is negatively correlated to abnormal spread. After the beginning of financial crisis, the role of order size could have changed because of the liquidity pressure and the low market depth.
4. PERIOD (x 4 ), a dummy variable indicating whether the analysed day falls in the last two days of the maintenance period, is included because previous evidence shows that rates tend to increase at the end of the maintenance period as a result of the difficulty to satisfy the reserve requirement constraint (Iori et al., 2008) . The effect should be even higher during the crisis. Figure 14 : Decumulative distribution function of the t statistics for x 1 , x 2 , x 3 , x 4 , for lenders in p1 (black), p2 (red), and p3 (green). The vertical lines indicate the 5% (dotted) and 1% (solid) thresholds.
We performed, separately for borrowing and lending banks, the following time series regressions
Only banks which have traded at least 50 times in each of the three periods were included in the sample. Results are reported for the borrowing banks ( Fig. 13 ) and the lending banks ( Fig. 14) in terms of the decumulative distribution function of the t statistics for x 1 , x 2 , x 3 , x 4 in the three periods p1, p2, and p3, together with the 5% and 1% thresholds. The analysis show that time of trading (Figs. 13 and 14, top left) is significative and positively correlated with spreads both on the lending and the borrowing side (trading preferentially in the morning improves lender performance and reduces borrower performance) in all three periods, and appears to increase after the beginning of the crisis, but reduces after the Lehman default. Possibly the changing microstructure condition induced banks to try and take advantage from the timing, but the liquidity crunch observed after Lehman reduced their ability to do so, particulary for borrowers. Indeed, the percentage of borrowers with a significant coefficient for x 1 fell to the pre-crisis level of about 40%.
Trading preferentially as a quoter improves the performance of both lenders and borrowers (Figs. 13 and 14, top right) and the significativity of this variable increases for all groups except for the largest banks as the crisis progresses.
The concentration of the total daily traded volume ( Figs. 13 and 14 , bottom left) is significant for a smaller group of banks, but becomes more and more important with time to explain the spread, in particular for lenders. Our estimates show that the sign is mostly positive for borrowers and negative for lenders, indicating that with the crisis the cost for deposits becomes positively correlated with the size of trades.
The last variable we tested to explain the spread was indicating whether trading occurs in the last day of the maintenance period ( Fig. 13 and Fig. 14, bottom right) . This variable plays a role, but is less significative. Its capacity to explain the spread increased after the crisis, but in the third period the number of banks whose spread depends on the stress due to the reserve requirement management decreases to the pre-crisis level of about 10% for borrowers and 5% for lenders.
Our analysis demonstrates that spreads incorporate a liquidity risk premium (the widening bid-ask spreads and the increasing intraday slope of interest rates are indicators of liquidity shortages) in addition to a credit risk premium (that previous studies have associated to bank sizes). This corroborates the analyses of Michaud and Upper (2008) and Eisenschmidt and Tapking (2009) , which both point out that after August 2007 rates reached levels that cannot be explained alone by a higher credit risk.
Banks' behaviour and interest rate spreads: cross sectional regressions
The aim of tho session is to establish if, when controlling for the liquidity variables, banks size is still a significant determinant of banks spreads, as previously identified in the literature. Our hypothesis is that banks trade at better condition not because they are perceived as safer by market participants but as a consequence of their strategic trading behaviour. First we report, in tables 7-12 in Appendix II, the average value, per each group of banks, of the independent variables x 1 , x 2 , x 3 , in p1, p2, and p3. The variable x 4 does not appear to affect spreads considerably so we drop it in this section. The first column in the table indicates the bank capitalization group in decreasing order (except the foreign group FB for which we have no such information), while the second column reports the number of banks per group. The third column reports the group's average intertrade duration ∆t, i.e. the time between two consecutive transactions i and i + 1. Columns 4-6 report the group average of the first 3 independent variables in the relevant period.
Overall we observe a tendency for all banks to shift borrowing later in the afternoon, and lending earlier in the morning as the crisis progresses: x 1 decreases over time for borrowers and increases for lenders. Notably, the average value of x 1 is lower and becomes negative in p2 for the major Italian and the foreign borrowing banks, indicating that these are the banks more likely to borrow in the afternoon minimising borrowing costs. But x 1 reduces after the Lehman default. Possibly the liquidity crunch observed after Lehman reduced the ability of banks to take advantage from later transactions, particularly for borrowers. Similarly x 2 is larger for the larger Italian and foreign banks, which are thus the ones profiting most from the widening bid-ask spreads. These findings indicates that, in addition to the too-big-to-fail argument, the favourable borrowing conditions of larger banks have partly been the result of a more strategic liquidity management. On the lending side we observe that foreign banks have not been able to optimise their strategies (small or negative x 1 and x 2 indicate too much lending in the afternoon and as aggressors, which is less profitable). This observation confirms a poor market integration on this side of the market, with foreign banks lending mostly to other foreign and large Italian banks that, as seen before, tend to borrow later in the afternoon.
To quantify the effect of bank size when controlling for the bank strategic behaviour, measured by the variables x 1 and x 2 , we run cross-sectional regressions 4 for each month between 1999 and 2009. Details of the model are in Appendix III. In this section, we rename variable x 1 with M for morning (M > 0 if trading occurs predominantly in the morning) and variable x 2 with Q for quoter (Q > 0 if trading occurs predominantly as quoter). The bank capitalization variable is represented by five levels and dummy coded as shown in Tab.(9). We chose the smallest capitalization group M I as reference.
Results of the regression 5 are reported, separately for the lending and borrowing side, in market side M Q MA GR ME PI MI FB lenders 0.766 0.744 0.090 0.124 0.140 0.140 0.008 0.071 borrowers 0.735 0.719 0.090 0.140 0.057 0.049 0.312 0.140 Table 3 : The fraction of maintenance periods for which the regressor coefficients have been found to be significant at the 0.05 level. table 3. The M coefficient is significant at the 0.01 level for 69% of the maintenance periods and at the 0.05 for 77% of the maintenance period. For the Q coefficient the values are 65% and 74% of total maintenance periods respectively. For borrowers, as before variables M, Q are generally highly significant whereas we find that the group variable adds little to the model. The M coefficient is significant at the 0.05 level for 74.4% of the maintenance periods, whereas the Q coefficient for 71.4% of total maintenance periods. On the contrary, the group categorical variable, that allow for different intercepts per bank calitalization, add very little explanatory value to the model (as show also by the large p-values of the group coefficients in Fig. 17 ). The most significant result for the group line indicates that 31% of the times MI banks pay higher rates as borrowers, even after controlling for the liquidity effects.
The values of the coefficients of the M and Q variables are shown as time series in Fig. 15 for the lending side and in Fig. 16 for the borrowing side. The average value of all the coefficients are summarised in table 4. The sign of the variables confirms that trading in the morning and trading as quoter is advantageous to both lenders and borrowers, and more so as the crisis progresses. The effects of size, while rarely significant, is in line with previous studies and show that larger banks tend to pay less as borrowers and charge more as lenders.
Overall our analysis demonstrates that, after controlling for the strategic behaviour of banks, the effect of size on spreads becomes negligible. While our analysis confirms that larger banks did perform better during the crisis, we identify the reasons for their success. The larger and foreign banks are the ones who better responded to the changing market microstructure condition and optimised their trades so to reduce the liquidity costs. Their better performance was actively achieved by a sophisticated liquidity management and not the result of the market participants perceiving them as too big to fail. 
Conclusions
In this paper we have investigated the impact of the 2007-2009 financial crisis on the behavior of banks within the interbank market and, in turn, on their lending and borrowing spreads. Running econometric analyses we have highlighted the role of the changing intraday term structure of interest rate and of the market bid-ask spread as explanatory variables for the variability in credit conditions. In particular our results show that the higher the volume traded by a bank in the morning, the higher are the spreads (that is borrowing conditions deteriorate in the morning for borrowers and improve for lenders) and the higher the volume traded as quoters, the better are the rates obtained, both for lenders and borrowers.
The policy implications of our findings are as follows. To reduce the volatility of interbank market rates, central banks should provide liquidity by calibrating their interventions according to the intraday term structure slope. Since the slope depends on expected short rates, central banks can fine-tune how they provide liquidity playing as market makers continuously during the trading day, coherently with the real-time gross settlement of the payment system.
The interest rate volatility stabilization and spread normalization could be pursued introducing overnight deposits expiring after 24 hours. This way the liquidity settlement would be distributed along the day, avoiding the concentration of all the interbank trades early in the morning. This innovation could go along with the introduction of intraday deposits, completing the Arrow-Debreu market structure.
Finally, the evidence about the dependence of interest-rate spreads on banks' behavior supports a revision of their liquidity-management practice. Banks' treasuries should try to manage and net their financial balances by optimizing costs and returns according to the features of the market microstructure, such as timing their trades, adjusting the concentrations of volumes, possibly via pooling operations, and choosing strategically the quoter/aggressor side to lend and borrow money.
